mainly proteins (Mueller-Harvey and McAllan, 1992) , although complexes can also be formed through other types of bond (hydrophobic, ionic or covalent).
Several authors have suggested that CT could be used as chemical additives to reduce ruminal degradation of dietary protein, owing to the pH-dependent behavior of these compounds (Schwab, 1995; Frutos et al., 2000) . However, the effects CT have on animals is highly variable and depend on the type and the amount ingested. In fact, CT intake can have no effect or reduce voluntary intake , reduce, not affect or even increase ruminal degradation (Miller et al., 1995; Hervás et al., 2003) , improve or reduce diet digestibility (Barry et al., 1986; Waghorn et al., 1994; Komolong et al., 2001; McSweeney et al., 2001) , etc.
The CT extracted from quebracho (Schinopsis spp.) are prophysethinidines. These have less hydroxyl groups than other types of condensed tannins and a compact structure, which means less reactivity (Mueller-Harvey and McAllan, 1992) . Because quebracho CT can be found on the market in large amounts, it has often been used as a model in research (e.g., by Dawson et al., 1999; Komolong et al., 2001) , in spite of the fact that the results obtained with a certain kind of CT cannot be applied to other tannins owing to the wide diversity of these phenolic compounds (Nelson, 1996) .
The aim of this experiment was to study the effect of intraruminal administration of quebracho extract (76% of CT) to sheep (0.75 g kg -1 live weight per day), for a long time period (70 days), on different parameters that reflect rumen degradation activity and diet digestibility.
Material and Methods

Animals and experimental diet
A total of 10 ruminally cannulated Merino ewes, with a live weight (LW) of 54.6 ± 2.87 kg were used. The animals were fed 1.2 times their maintenance energy requirements (AFRC, 1993) MS; ash = 114 g kg -1 DM]. The hay was daily administered in two equal feeds at approximately 9:30 h and 18:00 h. All animals had ad libitum access to fresh water and to a vitamin-mineral block throughout the pre-experimental (15 days) and experimental (70 days) periods.
Experimental treatments
Animals were allocated to two groups of five sheep each, balanced for live weight. All animals received their daily experimental treatment before administration of the morning feed, for a period of 70 days. This involved dissolving the powdered commercial quebracho extract in 200 ml of an aqueous solution containing 0.08% methanol and administering it to sheep through the ruminal cannula. The amounts of quebracho administered daily were 0 (i.e., it only contained the aqueous solution: placebo) and 0.75 g kg -1 LW for control (C) and quebracho (Q) treatments, respectively.
The commercial quebracho used (Roy Wilson Dickson Ltd., UK) is a complex mixture of phenolic compounds extracted from quebracho (Schinopsis spp.). It is mainly comprised of condensed tannins (760 g kg -1 DM), and the remaining compounds correspond to simple phenols, ash, etc.
In situ rumen degradation
During weeks 5 (from day 29 to 37 of the experiment) and 10 (from day 62 to 70), two rumen degradation kinetics of alfalfa hay (DM = 915 g kg -1 ; CP = 151 g kg -1 DM; NDF = 431 g kg -1 DM; ash = 78 g kg -1 DM) were carried out by in situ methods, and the following incubation series: 0, 3, 6, 12, 24, 48 and 72 h. Incubations were performed in duplicate in each animal. Nylon bags (165 × 105 mm size and 45 mm pore diameter; Maissa ® , Spain) were filled with approximately 4 g of alfalfa hay ground to 2 mm and introduced in the rumen 15 min after administration of the quebracho extract. After removal from the rumen, bags were washed briefly by hand under running water and frozen at -30ºC. They were thawed 24 h later and washed in an automatic washing machine on a cold programme for approximately 20 min. Bags were dried in a forced air oven at 45-50ºC to constant weight and weighed to determine the DM content. The residues of two bags (duplicate), for each incubation time and animal, were mixed and ground to 1 mm, to be then analyzed for N and NDF. To estimate zero-time disappearances, three more bags were used that were washed, dried and weighed in a similar way as those removed from the rumen.
In addition to the degradation kinetics, the effect of quebracho administration on ruminal degradation was studied by performing a series of 24 h in situ incubations, with the same hay, on days 0, 8, 15, 23, 36, 50 and 64 of the experiment. All the incubations were performed in duplicate. As for the degradation kinetics, the residues of two bags for each animal were mixed and ground to 1 mm diameter for laboratory analysis (N and NDF).
Parameters indicative of ruminal fermentation
On days 0, 9, 25, 37, 51 and 64 of the experiment, samples of rumen fluid from each of the animals used in the experiment were taken to study a series of parameters indicative of ruminal fermentation: pH, ammonia-N and volatile fatty acids (VFA). These samples were collected, through the ruminal cannula, 0, 1, 3, 6 and 9 h after administering the morning feed.
The rumen fluid was filtered through two layers of cheesecloth. Immediately after obtaining the filtered sample its pH was measured. Ten ml of rumen fluid were acidified with 10 ml of 0.2 M HCl solution, and frozen at -30ºC until the ammonia-N concentration analysis. Similarly, 0.8 ml were added to 0.5 ml of a deproteinizing solution of metaphosphoric acid (20%, wt v -1 ), that contained crotonic acid (0.4%, wt v -1 ) as internal standard, and frozen at -30ºC until the VFA determination.
In vivo digestibility
During weeks 5 (days 29-37) and 10 (days 62-70) of the experiment, two in vivo digestibility trials were carried out. To do this, animals were kept in individual metabolic cages from which, after a preliminary 3-day adaptation period, animal faeces were collected and weighed daily over six consecutive days. From the total daily collection, two aliquots (approx. 10%) were taken and frozen at -30ºC. All the aliquots for each sheep were then bulked, and the pooled sample was thawed and dried in a forced air oven at 70-75ºC until constant weight. Dried samples were ground to 1 mm before analysis (N, NDF and ADF).
When there were feed refusals, these were collected each morning and weighed. Around 10% of the total was kept for later analysis of the DM content.
Chemical analysis
Analysis of DM, ash and Kjeldahl N was conducted according to procedures described by AOAC (1999) . The NDF and ADF contents were determined using an Ankom 220 fiber analyzer, following the basic principles of the Goering and Van Soest technique (1970) . Analysis of ammonia-N was performed by spectrophotometry (Weatherburn, 1967) and VFA concentration by gas chromatography (Carro et al., 1999) .
Calculations and statistical analysis
Data on ruminal disappearance of DM, N and NDF of alfalfa hay obtained on week 5 and 10 of the experiment were adjusted by the NLIN procedure (Nonlinear Regression) of the SAS statistical programme (SAS, 1989) to the model proposed by France et al. (1993) to obtain the immediately degradable fraction (a, g g -1 ), the insoluble but potentially degradable fraction (b, g g -1 ), the time to half-asymptote (T/2, h), the fractional rate of degradation in T/2 (µ, h -1 ) and the lag time (L, h).
All the data (kinetic parameters of ruminal degradation, in vivo digestibility, in situ ruminal disappearance and parameters indicative of ruminal fermentation) were analysed by repeated measurements, using the MIXED procedure of the SAS statistical programme. When the interaction effect «treatment × day» was significant, means were compared using a Student's t (P < 0.05).
Results
Rumen degradation
Ruminal administration of the quebracho extract significantly reduced (P < 0.05) the insoluble but potentially degradable fraction (b) of the alfalfa hay DM (Table 1 ) and tended to reduce (P < 0.10) the fractional rate of degradation in T/2 (µ). Hence, in relation to the parameters of N degradation (Table 1) , the immediately degradable fraction (a) varied with the study week (P < 0.05), but no statistically significant differences were found (P > 0.10) related to the quebracho treatment. However, this did cause a significant reduction (P < 0.05) in µ value and increased the T/2 time. The b fraction of the NDF and the T/2 value varied with the study week (P < 0.10), but were not affected by ruminal administration of quebracho extract (Table 1) . Table 2 shows the mean values of disappearance of DM (DMD), N (ND) and NDF (NDFD) from the alfalfa hay after 24 h of in situ ruminal incubation. DMD and NDFD were only lower on day 8 of the experiment (P < 0.05) in the animals treated with quebracho (Q), and were not significantly different on the other incubation days. Ruminal disappearance varied with incubation day in all cases (P < 0.05).
Parameters of ruminal fermentation
Only for the sampling conducted before administration of the morning feed (hour 0), the effect of treatment (control vs. quebracho), both for pH and ammonia-N, varied with the study day (interaction treatment x day: P < 0.05).
Six and 9 h after morning feeding (see Fig. 1 ), the animals that received the quebracho extract presented signif icantly higher levels of ammonia-N (P < 0.05) than those of control animals (255 vs. 205 and 227 vs. 185 mg L -1 for 6 and 9 h post-feeding, respectively).
For the VFA concentration, however (Fig. 1) , treatment with quebracho did not have any significant effect (P > 0.05). Changes due to «day» were observed but the interaction «treatment x day» was not significant (P > 0.10). 
Control Quebracho
In vivo digestibility
Ruminal administration of quebracho extract (see Table 3 ) reduced the digestibility of the DM (P < 0.001), of N (P < 0.01) and of the NDF (P < 0.05) of alfalfa hay. In the case of ADF digestibility, the reduction (0.515 vs. 0.479 g g -1 , P = 0.1059) did not reach the required level of significance. In most cases, a significant variation was observed with week, with slightly higher digestibility values being obtained in week 10 of the experiment.
Discussion
The results of in situ incubations of alfalfa hay confirm the known fact that the presence of CT in ruminant diets can reduce ruminal degradation of feeds (MuellerHarvey and McAllan, 1992; Aerts et al., 1999; Barry and McNabb, 1999) . This effect seems to be mainly due to the lower rate of degradation and to the reduced amount of substrate available for microorganisms, since tannins interfere with microbial attachment (and consequently inhibit digestion by rumen bacteria) and the complexes formed between tannins and other molecules makes them inaccessible to ruminal microorganisms (Mueller-Harvey and McAllan, 1992; McAllister et al., 1994; Aharoni et al., 1998; Makkar, 2001) .
In this work, administration of quebracho extract was found to significantly reduce the fractional rate of degradation of the alfalfa hay N. It also reduced the potentially degradable fraction (b) of the DM, which could be attributed to the inaccessibility of ruminal microorganisms to the feed, as a consequence of the treatment with CT.
It is noteworthy that, contrarily to what has been mentioned by other authors (Aharoni et al., 1998; Frutos et al., 2000) , no negative effect of CT on the immediately degradable fraction (a) occurred in this experiment. However, it should be taken into account that reduction in the a fraction has been observed when the feed themselves contain tannins which, in relation to the above mentioned substrate deprival effect, probably cannot have the same effect as the presence of tannins in the rumen. Moreover, it could be suspected that complexes with the condensed tannins administered in the rumen were not formed immediately, which would also explain the lack of effect on the a fraction. Nevertheless, this point cannot be confirmed given the methodology followed here.
Although one of the most common effects of CT is the reduction of rumen protein degradation (given the great affinity between these phenolic compounds and proteins; McLeod, 1974) , in our work, the slight decline observed in the group of animals treated with quebracho (Q) was not significant (P = 0.1422). Nevertheless, this result should be interpreted with care since this absence of variation could possibly be because the 24 h incubations in nylon bags were too long to clearly observe any effect on protein degradation.
In general, the administration of quebracho extract for a relatively long period of time would be expected to cause the development of different defense mechanisms by the ruminal microorganisms in response to these secondary compounds (O'Donovan and Brooker, 2001 ). This response may be very variable depending on the rumen microbiota, since different ruminal bacterial strains present different susceptibility to CT (Nelson, 1996) . This would explain why, after an initial negative effect on DMD and NDFD, values of rumen disappearances were similar in both experimental treatments. However, this point was not clear for the case of protein (ND). On the one hand, as mentioned above, 24 h could be too long a time to observe effects on protein degradation but, on the other hand, according to the results of ruminal degradation kinetics (see Table 1 ), the rate of protein degradation was still lower in the Q group even in week 10 of the experiment. Changes in alfalfa hay rumen degradation could be reflected in certain parameters of ruminal fermentation such as pH and ammonia-N and VFA concentrations. However, in general, these changes were not observed in our experiment. Ruminal pH was maintained at all times within a «normal» range in both treatments (6.6-7.4), suggesting that the administration of the quebracho solution (pH ≈ 5.5) was rapidly compensated in the rumen. Ammonia-N and total VFA concentrations were similar to those obtained by other authors using comparable diets. Similar variations were observed among sampling days in both treatments. Several authors have observed that CT intake usually causes a reduced ammonia-N concentration resulting from the decline in ruminal protein degradation. However, not only were differences not found in most cases, but also the mean concentration of ammonia-N, at 6 and 9 h post-feeding, was significantly higher in animals treated with quebracho (Q). This was probably largely due to a higher initial ammonia-N concentration in animals in this experimental treatment (P < 0.05), in spite of these having received the same treatment for the 15 pre-experimental days. Nevertheless, in other experiments performed on sheep fed a diet containing quebracho extract (Salem, 2002) , increased ammonia-N concentration with no variation in VFA was also observed, in accordance with our results. Several authors (for example, Aerts et al., 1999; Barry and McNabb, 1999) have reported that CT concentrations lower than 50 g per kg DM do not affect most ruminal fermentation parameters.
One of the best known effects of CT on diet digestibility is the reduction of apparent protein digestibility. However, although many studies have reported a rise in faecal N excretion in response to increasing dietary tannin concentration (Barry et al., 1986; Mehansho et al., 1987; Komolong et al., 2001; McSweeney et al., 2001) , the increased faecal N in the presence of these compounds would be more likely to correspond to an increase of faecal metabolic N (comprised of cells from the intestinal mucosa, digestive enzymes, mucus, salivary proteins, etc.) (Mitjavila et al., 1977; Dawson et al., 1999) , than to a real reduction in the amount of protein absorbed, giving rise, therefore, to clear underestimations of the true digestibility of dietary protein (Waghorn, 1996) . Nonetheless, the possibility that the tannins could prevent absorption of amino acids from the intestine (McNeill et al., 1998; Dawson et al., 1999) or that the tannin-protein complexes had not been completely dissociated after crossing the rumen (McSweeney et al., 2001 ) cannot be ruled out.
Regarding the digestibility of structural carbohydrates, Barry et al. (1986) reported that the CT of Lotus corniculatus affected neither cellulose nor hemicellulose digestibility. In contrast, Waghorn and Shelton (1995) observed that the digestibility of hemicellulose was reduced in a group of male sheep fed ad libitum a mixture of ryegrass and Lotus pedunculatus. This disparity could be due to the different tannin contents of L. corniculatus and L. pedunculatus (30-45 vs. 70-100 g CT kg -1 DM). Salawu et al. (1997) supplemented sheep with 50 g quebracho per kg of DM and observed, like in our experiment (in which the dose corresponded to ca. 37.5 g quebracho extract kg -1 DM), not only a reduced digestibility of the NDF but also of the ADF. The greater effect of the quebracho extract on NDF digestibility than on ADF digestibility could be related to the greater susceptibility of hemicellulolytic enzymes to tannins (Waghorn, 1996) .
